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Dynamic and Thermal Effects 


PRELIMINARY THERMAL DESIGN 

Since the solution of a thermal stress problem involves knowledge of temperature 
distribution in a structural member, thermal constants such as those given in Ta¬ 
ble 17.1 and the fundamentals of heat transfer in conduction, convection, and ra¬ 
diation [107] are required. In the usual engineering calculations, the modulus of 
elasticity and the coefficient of thermal expansion are assumed to be constant within 
a given temperature range. Some typical solutions to thermal stress problems due 
to the external and internal constraints are given in Tables 17.5 and 17.6 [108-110]. 

It is obvious from Tables 17.5 and 17.6 that only the simplest thermal stress 
problems have been addressed so far, and for any more complex cases the reader 
is referred to the specialized literature [2, 107]. Nevertheless, in many practical 
situations the formulas given in Tables 17.5 and 17.6 are sufficient for obtaining 
the results to bracket a particular design. It is of utmost importance to determine 
the bracketing values for a problem before embarking on any more complex and 
time-consuming investigation. 

Table 17.5 Thermal Stresses Due to External Constraint 



Uniform bar, 
both ends fixed 


a = aE AT 


2 . 



Uniform plate, 
edges fixed 


a = 


aE AT 

(l-*') 



Bar of rectangular 
cross section 


When ends are free: radius of curvature 

R = hfa AT. 

When ends are fixed, the end couples 
M 0 = a AT El/h. 

The maximum bending stress a = aE AT/2. 


When instead of a bar of a rectangular cross section, a plate of thickness h is used, 
4. the radius of curvature is the same as that for case 3. The plate adopts a spherical 
curvature. The maximum bending stress a = aE AT/2(1 — is). 


T+AT 



Equilateral triangle, 
plate fixed at the edges 


Temperature: 


T + AT on hot side; 
T on cool side 


Uniform edge pressure against hot edge: 
q = aE ATh 2 /8at. 

Concentrated pressure at corners against cool 
face: q = 0.14aE ATh 2 . 

The maximum bending stress at corners: 
a = 0.75qE AT. 


g Square plated fixed at the Bending stress at the edge: a = aE AT/2 

edges. Thermal gradient as above, (approx.). 




